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Abstract
AIM: To investigate relapse predictors in chronic hepa-
titis C (CHC) patients with end-of-treatment response 
(ETR), after pegylated interferon-α (PegIFN-α) and 
ribavirin treatment. 

METHODS: In a retrospective study we evaluated a 
spectrum of predictors of relapse after PegIFN-α and 
ribavirin treatment in 86 CHC patients with ETR. Viral 
loads were determined with real-time reverse transcrip-
tion polymerase chain reaction. Hepatitis C virus geno-
typing was performed by sequencing analysis. Patients 
with genotype 1 were treated for 48 wk with 180 µg 
PegIFN-α2a or 1.5 µg/kg PegIFN-α2b once weekly plus 
ribavirin at a dosage of 1000 mg/d for those under 75 kg  
or 1200 mg/d for those over 75 kg. Patients with geno-
types 2 and 3 were treated for 24 wk with 180 µg 

PegIFN-α2a or 1.5 µg/kg PegIFN-α2b once weekly plus 
ribavirin at a dosage of 800 mg/d. 

RESULTS: In all ETR patients, binary logistic regression 
analysis identified absence of complete early virological 
response (cEVR) (OR 27.07, 95% CI: 3.09-237.26, P  < 
0.005), serum alkaline phosphatase (ALP) levels prior 
to therapy < 75 U/l (OR: 6.16, 95% CI: 2.1-18.03, P  
< 0.001) and body mass index > 26 kg/m2 (OR: 8.27, 
95% CI: 2.22-30.84, P  < 0.005) as independent pre-
dictors of relapse. When cEVR patients were analyzed 
exclusively, ALP prior to therapy < 75 U/l remained the 
only predictor of relapse. 

CONCLUSION: Lower levels of ALP prior to, during 
and after therapy seem to be associated with a higher 
risk of relapse in CHC patients with ETR. 
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INTRODUCTION
Chronic hepatitis C (CHC) is a major public health 
problem due to late complications, such as liver failure 
and hepatocellular carcinoma[1]. The prevalence of  CHC 
has been estimated to be 3% worldwide[2]. Pegylated 
interferon-α (PegIFN-α) with ribavirin is currently the 
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treatment of  choice for CHC[3]. Treatment response de-
pends on patient and viral factors, the viral genotype being 
the most important[4]. Several studies have defined further 
predictive factors for response, such as hepatitis C virus 
(HCV)-RNA serum level, stage of  liver disease, body 
weight, age, sex and race[5-10]. After completion of  treat-
ment, HCV may become detectable again considerably 
reducing sustained virological response (SVR) rates even 
after achievement of  end-of-treatment response (ETR). 
The relapse rate of  genotype 1 seems to be higher than in 
other genotypes, being as high as 30%-40%[11]. The risk 
of  relapse was also shown to relate to treatment duration, 
and several efforts have been undertaken to identify those 
patients who would benefit from extended treatment du-
ration[12]. 

In this retrospective study we investigate in a cohort 
of  ETR patients whether further predictors of  relapse 
may exist after treatment with PegIFN-α and ribavirin. 

MATERIALS AND METHODS
Patient population
We reviewed the records of  all CHC patients with an 
ETR who started PegIFN-α and ribavirin treatment be-
tween April 2005 and August 2007 at our clinic. Exclu-
sion criteria were age < 18 years; any bone or bowel dis-
eases, chronic renal failure, use of  medication that could 
cause an elevation of  liver enzymes; biliary obstruction 
confirmed sonographically; hepatitis B virus or human 
immunodeficiency virus co-infection; daily ethanol inges-
tion greater than 20 g for women and 40 g for men; drug 
abuse; history of  previous antiviral treatment. Finally, 86 
patients (62 men and 24 women, mean age 42.5 ± 11.3 
years, range 18-67 years) were included. Genotypes 1, 2 
and 3 were present in 52 (60.5%), 9 (10.5%) and 25 (29%) 
patients, respectively. Patients with genotype 1 were treated 
for 48 wk with 180 µg PegIFN-α2a or 1.5 µg/kg PegIFN-
α2b once weekly plus ribavirin at a dosage of  1000 mg/d 
for those under 75 kg or 1200 mg/d for those over 75 kg. 
Patients with genotypes 2 and 3 were treated for 24 wk 
with 180 µg PegIFN-α2a or 1.5 µg/kg PegIFN-α2b once 
weekly plus ribavirin at a dosage of  800 mg/d. Patients 
with extended treatment duration were not included in 
this study. A complete early virological response (cEVR) 
was considered present, when HCV-RNA by polymerase 
chain reaction (PCR) was negative 12 wk after initiation 
of  therapy. Patients, who did not achieve a cEVR showed 
at least a partial early virological response (pEVR), defined 
as a 2-log-decline of  HCV-RNA at 12 wk after the initia-
tion of  therapy compared to baseline viral load. ETR was 
defined as negative HCV-RNA at the end of  treatment, 
and SVR was defined as persistent absence of  HCV-RNA 
by PCR at 6 mo, thereafter.

Laboratory analysis
Alkaline phosphatase (ALP), alanine aminotransferase, as-
partate aminotransferase and γ-glutamyl transferase were 
assessed by routine colorimetric assays on the Modular 
Clinical Analyzer (Roche, Vienna, Austria). Diagnostic 

ranges were 1-1200 U/L, 4-600 U/L, 4-800 U/L and 
3-1200 U/L, respectively. Normal ranges of  ALP were 
40-129 U/l for males and 35-104 U/l for females. The 
precision of  the ALP assay was > 99.3%. 

Viral loads were determined with the Cobas TaqMan 
HCV assay (Quantification range 10 to 6.9 × 107 IU/ml; 
Roche). HCV genotyping was performed by sequencing 
with the TruGene™ HCV 5’NC Genotyping Kit (Siemens 
Medical Solutions Diagnostics, Bad Nauheim, Germany). 

Liver biopsy was available in 33 patients. Stages of  
liver fibrosis and inflammatory activity were classified ac-
cording to the Metavir score[7]. 

Statistical analysis
Statistical analysis was performed using the Statistical 
Package for Social Sciences (version 10, SPSS Inc., Chi-
cago, Illinois, USA). Values are expressed as mean ± SD 
or as median (range). Differences between groups were 
compared by Student’s t-test or Mann-Whitney U test 
where appropriate. Fisher’s exact test was used to as-
sess possible differences in categorical variables between 
patients with SVR and relapse. Possible correlations be-
tween variables were analyzed using the Spearman rank 
test. Binary logistic regression analysis was performed to 
identify independent predictors of  relapse. Significance 
tests were 2-sided, and P-values < 0.05 were considered 
significant.

RESULTS
The clinical characteristics of  the ETR patients are sum-
marized in table 1. Relapse occurred in 26 patients 
(30.2%), 17 patients (65.4%) with genotype 1, three pa-
tients (11.5%) with genotype 2 and 6 patients (23.1%) 
with genotype 3. The frequency of  patients with genotype 
1 was not significantly different between the relapse and 
the SVR group (Table 1). Median ALP prior to therapy 
was significantly higher, whereas mean body mass index 
(BMI), stage of  liver fibrosis and viral load prior to thera-
py were significantly lower in patients with SVR compared 
to those with relapse. The frequency of  cEVR was signifi-
cantly higher in the SVR group compared to the relapse 
group (Table 1). 

In all ETR patients, binary logistic regression identi-
fied absence of  cEVR (OR 27.07, 95% CI: 3.09-237.26, P 
< 0.005), ALP prior to therapy < 75 U/l (OR: 6.16, 95% 
CI: 2.1-18.03, P < 0.001) and BMI > 26 kg/m2 (OR: 8.27, 
95% CI: 2.22-30.84, P < 0.005) as independent predictors 
of  relapse. When only cEVR patients were analyzed, ALP 
prior to therapy < 75 U/l (OR: 7.79, 95% CI: 1.96-30.98, 
P < 0.005) remained the only predictor of  relapse. 

Prior to therapy, all ALP levels in patients with re-
lapse were within the normal range. 

During PegIFN-α and ribavirin treatment, ALP lev-
els showed variations: in patients with SVR there was a 
significant decline, whereas in patients with relapse there 
was a slight non-significant variation (Figure 1A). Simi-
lar results were obtained when patients with genotype 1 
were analyzed, only (Figure 1B).
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DISCUSSION
The results of  our study indicate that serum levels of  
ALP are related to the risk of  relapse in CHC patients 
with ETR after treatment with PegIFN-α and ribavirin. 

Elevated levels of  ALP are found in bone, bowel and 
bile duct diseases. As our study did not include patients 
with bone or bowel diseases, the observed significant 
difference in pre-treatment ALP between patients with 
relapse and those with SVR might be caused mainly 
by differing amounts of  ALP from the liver or the bile 
ducts as the primary source of  disease. Bile duct inflam-
mation has been reported in up to 95% of  HCV patients 
and was shown to correlate with serum ALP[13]. Since 
immune response and inflammation play key-roles in 
the elimination of  HCV, the higher pre-treatment ALP 
levels in patients with SVR may possibly reflect a higher 

degree of  inflammation with a more sustained response 
to therapy. However, the histological activity score in our 
patients failed to show this, as there was no significant 
difference between patients with SVR and relapse, which 
could be due to our limited sample size. The observed 
decline in ALP during PegIFN-α and ribavirin treatment 
may possibly be due to a decrease of  intrahepatic inflam-
mation, which initially could have been higher in those 
patients with SVR. PegIFN-α and ribavirin may also 
influence bone metabolism and levels of  bone-derived 
ALP, however, other studies were unable to confirm 
these findings[14-16]. Any pathophysiological reasoning 
for the association of  ALP levels and risk of  relapse of  
CHC is speculative at present.

Our study is the first to focus on ETR-patients treat-
ed with PegIFN-α and ribavirin. Most patients in our 
study exhibited ALP levels within the normal range with 
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Table 1  Clinical and biochemical characteristics of the patients prior to therapy

SVR (n  = 60) Relapse (n  = 26) P -value

Age (yr)   41.3 ± 11.3   45.4 ± 10.9 NS
Male/female 43/17 19/7 NS
Body mass index (kg/m2) 24.9 ± 4.0 28.7 ± 5.5 < 0.010
Systolic blood pressure (mmHg) 119 ± 14 119 ± 12 NS
Diastolic blood pressure (mmHg)    73 ± 10   75 ± 10 NS
Genotype 1, n (%) 35 (58.3) 17 (65.4) NS
HCV-RNA prior to therapy (IU/mL)            480 500 (2430-23 000 000)               806 000 (107 000-8 400 000) < 0.050
PegIFN α2a/PegIFN α2b 32/28 14/12 NS
cEVR, n (%) 58 (96.7) 17 (65.4) < 0.001
Histological fibrosis stage 1 (0-4) 3 (1-4) < 0.050
Histological activity 1 (1-3) 2 (1-3) NS
Aspartate aminotransferase (U/L)     40 (15-416)  47.5 (24-156) NS
Alanine aminotransferase (U/L)  72.5 (17-560)     70 (32-214) NS
γ-glutamyl transferase (U/L)   39 (3-693)     48 (11-183) NS
Alkaline phosphatase (U/L)     84 (40-232)     67 (48-129) < 0.005
Cholinesterase (kU/L)   7.22 ± 2.18   7.50 ± 2.37 NS
Lactate dehydrogenase (U/L) 190 ± 42 193 ± 34 NS
Total bilirubin (mg/dL)   0.77 ± 0.57   0.68 ± 0.24 NS
C-reactive protein (mg/dL) 0.2 (0-1.8) 0.1 (0-1.0) NS
Fibrinogen (mg/dL) 256 ± 52 273 ± 54 NS

SVR: Sustained virological response; HCV: Hepatitis C virus; PegIFN: Pegylated interferon; cEVR: Complete early virological 
response; NS: Not significant.
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Figure 1  Time course of median serum levels of alkaline phosphatase (ALP) in patients with sustained virological response (SVR) and patients with 
relapse. A: All patients with genotypes 1-3 from week 0 to week 24. The 36 and 48 wk values exclusively represent genotype 1 patients (n = 52), as patients with 
genotypes 2 and 3 were only treated for 24 wk; B: Genotype 1 patients, only. aP < 0.05 vs SVR; cP < 0.005 vs SVR; eP < 0.05 vs baseline. p.t.: Post treatment.
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only 5% of  patients with SVR exceeding the upper limit 
of  the normal range. The limits of  normal ranges are 
different in males and females, but gender distribution 
was almost equal in both patient groups.

In previous studies, genotype 1 was associated with in-
creased relapse rates compared to the other genotypes[11]. 
In our study, the relapse rate in genotype 1 patients was 
not significantly higher probably due to the limited num-
ber of  patients studied. 

The strongest predictor of  relapse in our study was ab-
sence of  cEVR. Nearly all patients with SVR and almost 
two thirds of  patients with relapse exhibited a cEVR. 
When cEVR is achieved, treatment duration is usually not 
extended. As prolongation of  treatment has been shown 
to reduce relapse rates, ALP may possibly help to identify 
those patients, who would benefit from extended treat-
ment duration[12]. 

Limitations of  our study comprise its retrospective 
nature, limited sample size and lack of  histological exami-
nations in all patients. As ALP is elevated in a variety of  
diseases, we cannot exclude that some subclinical diseases 
with minor ALP elevations confounded our data. Despite 
those limitations, median ALP was higher in our SVR pa-
tients compared to those with relapse at all time points.

In conclusion, lower levels of  ALP prior to, during 
and after therapy with PegIFN-α and ribavirin seem to 
be associated with a higher risk of  relapse in patients with 
ETR. Further studies are required to clarify whether our 
observation could help to identify those patients who 
would benefit from extended therapy despite the presence 
of  cEVR. 
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Chronic hepatitis C (CHC) is a major public health problem due to late 
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